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ABSTRACT 
Nitrogen Movement Under Irrigated Corn as 
Influenced by Nitrogen Source and Rate 
by 
Douglas C Muir, Master of Science 
Major Professor: Dr. David W. James 
Department: Soil Science and Biometeorology 
The purpose of this study was to determine nitrogen movements 
viii 
under a fall applied fertilizer as affected by rate of application of 
fertilizer , type of fertilizer carrier, and by crop grown. Two nitro-
gen fertilizers , calcium nitrate and ammonium sulfate, were applied in 
the fall of 1970. The soil profile was sampled in the spring of 1971 
and again in the fall of 1971. Nitrate-nitrogen from both the calcium 
nitrate and the ammonium sulfate applications was found to have moved 
significantly from the time of application to the time of spring soil 
sampling . Two effects from the high rate of both calcium nitrate and 
ammonium sulfate which had influenced nitrate-nitrogen location in the 
profile were observed. The first effect was a promoting of deep move-
ment of nitrate nitrogen by the high rate of calcium nitrate. The 
second effect was a delay of deep leaching of nitrate-nitrogen by the 
high rate of ammonium sulfate. 
The crop grown in the calcium nitrate plots was severely nitrogen 
deficient at all rates of fertilizer application . The corn grown in 
the ammonium sulfate plots at 150 pounds nitrogen per acre were nitro-
gen deficient to the same degree as the calcium nitrate plots. The 
ix 
crop in the high rate of ammonium sulfate plots looked quite good 
although some nitrogen deficiency symptoms did appear. Crop perform-
ance showed that severe leaching had taken place over the winter and 
through the growing season. This leaching was found to be affected by 
type of fertilizer carrier, application rate of fertilizer , and the 
crop grown. At the end of the growing season approximately half of the 
ni trate-nitrogen present in the soil profile in the spring was present 
i n the fall after crop removal. 
(74 pages) 
INTRODUCTION 
The impact of chemical fertilizers on crop production over the 
past 30 years has been phenomenal. Yields of grain , vegetable , forage, 
root, fiber, and fruit crops have been increased several times as a 
result of chemical fertilizer technology and improved farming practices. 
Chemical fertilizers have opened new areas to farming that were pre-
viously excluded because of a lack of native fertility or a lack of 
the ability to maintain a natural fertility . Thus chemical fertilizers 
have and will continue to be a major weapon in the attempt to provide 
sufficient food and fiber for the world ' s growing population . 
Nit rogen fertilizers have been particularly important to crop 
production over the past three decades. Many studies show the effect 
of chemical nitrogen fertilizers on increasing crop yields and quality. 
Studies have also been performed on the movements of nitrogen in soils 
and how environmental and man induced factors affect these movements. 
Nitrogen movements are an important subject in that some of these move-
ments, either in the gaseous or solution phase , may result in a loss of 
available nitrogen to a crop, or they may result in nitrogen becoming a 
contaminant in ground and surface waters. 
Stud ies of the mov~m~nt8 of nitr0gPn frcm fnll arpl i 8d nitrog~n 
fe rtili zers have been given some attention, however it has us ually 
been assumed t hat there is l i ttle movement of nitrogen during the 
winte r in the arid west due to the small amounts of precipitat i on. 
The study on which this thesis is based was designed to explore the 
ef fect s of fall fe rtil ization with respect to movements of nitrogen 
2 
in the soil profile, crop production and deep leaching. The study 
was conducted at the Utah Agricultural Res earch Station at Farmington, 
Utah. Corn was used as the experimental crop, and two nitrogen carriers, 
ammonium sulfate and calcium nitrate, were used to provide the nitrogen. 
Objectives 
1 . To measure nitrate-nitrogen and ammonium- nitrogen distribution 
in a soil as influenced by rate of application of fertilizer, 
type of fer tilizer carrier, and nitrogen removed by the crop. 
2. To estimate the nitrate-nitrogen lost to deep leaching in a 
furrow irrigation system. 
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REVIEW OF THE LITERATURE 
A complete study of al l the fates of a fall-applied nitrogen 
fertilizer would be a difficult if not an impossible task, if strict 
quantitative data were desired . This is due to the many reactions 
nitrogen undergoes in the soil. Several attempts have been made by 
researchers to es tablish a nitrogen balance sheet which includes all 
fates of nitrogen (Legg and Allison, 1967; Jansson, 1963) but these 
studies have been performed in the greenhouse under carefully controlled 
conditions . Many conditions in the field are more difficult to cont rol. 
Several researchers have shown that it is possible to form a type of 
balance sheet for the field by relating the nitrogen found in the soil 
prof_ile to crop yields. Herron et al. (1968), James et al. (1969), 
Geist, Reuss, and Johnson (1970), and Soper and Huang (1963) all found 
a positive relationship between nitrate-nitrogen (N03-N) found in the 
soil profile and crop yield . This suggests that fertilizer recommenda-
tions can be based on N03-N in the root zone soil profile, and on crop 
nitrogen requirements. 
Nitrogen may be applied to a soil in different forms--anhydrous or 
aqua ammonia, urea, or salts of ammonium (NH4-N) or N03- N. Once 
applied to the soil , inoreanic nitroee~ ferti!i!er w~ll rem~i~ in cn:y 
two stable species , N0 3- N or NH4- N, according to Bonn , Fenn, and Moore 
(1969). All other nitrogen species in soil are either organic compo unds 
or are unstable intermediaries in the conversion of NH4-N to N0 3- N or 
NH4-N to molecular nitrogen or vice versa. The dominant species of 
nitrogen in a soil will be determined by several factors: pH, soil 
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moisture, organic matter, and soil texture. Soil pH has a direct 
influence on the oxidation state of the nitrogen species present in a 
soil solution medium . As pointed out by Bonn, Fenn, and Moore (1969), 
nitrate is stable only under oxidizing conditions and ammonia is stable 
only under reducing conditions. The species of nitrogen in the soil 
solution will also be affected by the amount of moisture present in the 
soil , as well as the presence or absence of organic nitrogen acceptor 
compounds , the soil texture, type of clay present , and man-controlled 
factors such as the type of nitrogen fertilizer carrier used. 
Soil Ammonium-Nitrogen 
Fertilizer ammonium 
NH4-N may be applied as a salt such as ammonium sulfate, -nitrate, 
-phosphate, or it may be applied as ammonia gas , aqua ammonia, or as 
urea. The one factor that all these fertilizers have in common is that 
the nitrogen supplied temporarily remains as NH4N in the soil solution . 
Once in the soil solution the NH4-N may undergo several different 
reactions all determined by soil and microbiological factors . 
\<hen NH4 - N is added to a soil, NH4-N being a cation, the nitrogen 
is absorbed immediately on the soil exchange complex . Exchangeable 
NH4-N is available for immobilization by plant or microorganism uptake, 
nitrification , adsorption on the soil exchange complex, or fixation io 
the crys tal lattice of clay minerals. Where conditions are such that 
soil temperature or some other factor inhibits microbial activity, the 
applied NH4-N will remain on the exchange complex until environmental 
conditions change so that the exchangeable NH4 - N is nitrified, denit-
rified or immobilized. By applying the fertilizer in the fall , the 
NH4- N may remain as NH4-N, depending on the activity of the nitrifying 
microorganisms, until spring brings warmer temperatures. 
Exchangeable NH4-N is not subject to leaching in most soils 
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(Tisdale and Nelson , 1969). In very sandy soils with low cation exchange 
capacity , NH4- N may be moved down through the soil profile (Johnston et 
al., 1965) . Fall applied NH4- N fertilizers usually remain in the upper 
layers of the soil profile and have a particular advantage for early 
crop use. 
Nitrogen immobilization 
Nitrogen immobilization is the conversion of inorganic or mineral 
nitrogen t o the organic form and is accomplished by many soil micro-
organ isms and higher plants. Broadbent (1965) experimented to determine 
if direct exchange between NH4-N in the soil solution and amino nitro-
gen from soil organic matter occurred . Analysis of the NH4-N, using 
tagged nit rogen, and organic fractions revealed no evidence of exchange. 
This suggested that fertilizer nitrogen in the organic fraction got 
there by biological assimilation . According to Stewart, Johnson, and 
Porter (1963), most of the nit rogen initially immobilized appears in 
the amino acid portion o f the so il organic matter. This amino acid 
fraction is the "act ive" fraction of soil organic matter and undergoes 
remineralization in a relatively short time. However , a significant 
proportion of the immobilized applied nitrogen remained in the organic 
fraction for a long period of time. This indicated a conversion of the 
immobilized nitrogen to a more stable form of organic matter . The rate 
of NH4-N immobilization is an important factor to conside r when con-
sidering fall application of NH4- N fertilizers . The incorporation of 
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fertilizer nitrogen into the "passive" matter fraction is quite rapid in 
most cases , depending on temperature and the population of soil hetero-
trophs. As reported by Broadbent (1966), and Stewart, Johnson , and 
Porter (1963), once the nitrogen is in the organic form, it is not read-
ily released again from the stabilized f raction. 
Although most of the organic nitrogen , derived from inorganic 
sources, may be accounted for in the amino form, Broadbent (1966) found 
that some of this organic nitrogen appears to undergo progressive 
stabilization. The slow remineralization of tagged organic nitrogen 
in Broadbent's experiments tends to support this conclusion. Several 
researchers (Reid , \Vebster , and Krouse, 1969; Broadbent and Nakashima, 
1967) , have proposed that organic nitrogen is composed of two fractions, 
a stabilized fraction and an active fraction. I t is the active fraction 
that undergoes mineral ization most rapidly (Tyler and Broadbent, 1958; 
Reid \Vebster , and Krouse , 1969) . 
Because of the desirabili t y to have the fal l applied fertilizer 
available for early spring crop stimulation , it would be advisable to 
apply the nitrogen fertilizer when soil tempe ratures are low. This 
would inhibit immobilization and keep the NH 4-N in the exchangeable 
form. 
Several st udies have been performed to determine the factors 
which affect nitrogen immobilization rates. Kai, Ahmad, and Harada 
(1969) found that maximum immobilization fertilizer of NH4- N occurred 
in a relat i vely short time regardless of the temperature. Maximum 
immobilization of the applied NH4-N at 40° , 30•, 20•, and 10• occurred 
at incubation periods of 28 hours , 48 hours , 3 days , and 5 days , 
respectively. The temperature differences had little effect on the 
apparent amount of NH4-N immobilized. The relationship between 
immobilization rate and minerali zation rat e has also been studied to 
see how one affects the other. In order for a plant to grow and not 
show nitrogen deficiency , without added nitrogen, the net minerali-
zation of nitrogen must exceed the net immobilization . To determine 
the effects of the mineralization of soil nitrogen on immobilization 
of fertilizer nitrogen, Broadbent (1965) performed experiments using 
temperature as a controlling factor. He found that mineralization of 
soil organic nitrogen was taking place at relatively low tempera-
tures, 2°C , while immobilization of the applied fertilizer nitrogen 
is relatively slow at low temperatures. This suggested that over the 
low temperature period NH4-N in an available form was building up in 
the soil from the mineralization of soil organic nitrogen , and the 
applied fertilizer NH4-N had remained in an exchangeable form with 
little immobilization. The conclusions from Broadbent ' s study are: 
the rate of mineralization and immobilization are stimulated by 
NH4-N additions, and mineralization of soil nitrogen does not have a 
great effect on immobilization of fertilizer nitrogen. 
Nitrogen transformations by soil microorganisms are also a 
function of available soil carbon and carbon to nitrogen ratio (C:N). 
As reported by Alexander (1967) C:N ratios of between 20 and 30 to 1 
are considered the critical ratios. Those ratios wider than 20 and 
30 to 1 favor immobilization of nitrogen, while those narrower favor 
mineralization. During early stages of decomposition there is a net 
immobilization of soil nitrogen so that the N0 3-N level drops 
(Tisdale and Nelson, 1969). This immobilization takes place if the 
C: N ratio is wide. As the material further decomposes, and the carbon 
energy source is reduced, the C:N ratio narrows and net mineralization 
i ncrease s. As this process continues there is an increase in soil 
humus , and usually a higher level of soil N0 3-N. 
NH4- N salt s are the most readily assimilated nitrogen sources for 
mos t soil microorganisms. When NH4-N is applied to a soil it can be 
us ed direc tly by most soil microorganisms (Alexander, 1967, p. 262). 
Under equi l i brium conditions the size of the soil microbial population 
r emains about t he same. \<hen a soil is disturbed there is a rapid 
incr ease i n ni trogen mineralization by increased microbial activity. 
This stimulation of microbial activity which results in the decomposi-
tion of the soil humic matter r eleases nitrogen which may be rapidly 
reimmobilized by the soil mic roorganisms or it may remain in the soil 
solut ion . However , if an NH4- N f ertilizer had been added at the same 
time the soil was dist urbed , the fertiliz e r nitrogen would decrease 
the C: N ratio resul t i ng i n ne t nitri fication of the fertilizer NH4-N 
but not in a rapid decomposition of s oi l or gan i c matter. This 
concept was demonstrated in t he work by Sutherland, Shrader, and Pesek 
(1961) who showed that main t aining the l evel of nitrogen in a soil 
also maintained t he level of or gan ic carbon. This same study also 
showed that high r ates of applied ni t rogen f ertilizers may increase 
soil o r ganic ma t te r levels over the levels f ound in plots with no 
added nit r ogen. 
Ammoni um-nitrogen fixat ion 
Even though NH4-N is readily assimilated by soil microorganisms, 
not al l the applied NH4-N undergoes this fate. NH4-N, being a cation, 
may also be adsorbed on the soil exchange c omplex or replace another 
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cation in the clay lattice structure and become fixed. If the NH4-N is 
fixed in the clay lattice , the nitrogen is made unavailable to plant or 
microbial use except as it is released through weathering of the clay 
minerals or expansion of the clay lattice to allow exchange with other 
cations, Several studies have been performed to demonstrate the un-
availability or very slow availability of fixed NH4-N. Jannson (1958) 
reported that fixation of fertilizer NH4-N gr eatly reduced the ability 
of the heterotrophic microflora of soil to utilize the added NH4-N, 
Broadbent (1966) found no change in clay- fixed NH4-N in a soil after it 
had been incubated for 120 days. Stevenson and Dhariwal (1959) found 
that cropping decreased the amount of fixed NH4-N in the surface soil, 
however, the amount of fixed NH4-N was greater in the cropped soil than 
for the uncropped soil . Broadbent (1965) showed that clay~ fixed NH4-N 
is not involved in exchange with NH4-N from other sources and that it is 
not availab le either to nitrifying bacteria or to other heterotrophic 
organisms requiring nitrogen for organic matter decomposition. Once 
NH4- N has been fixed in the clay lattice, it becomes available in the 
exchangeaqle form as the clay minerals weather, at which time NH4 - N may 
be replaced on the clay exchange sites by other cations. Tisdale and 
Nelson (1969, p. 149) comment that the agricultural significance of 
NH4-N fixation is not great, and that it occurs to a much greater 
extent in the subsoil than it does in the surface soil because of the 
higher clay contents of most subsoils. 
Mineralization 
Mineralization of nitrogen is the conversion of organic nitrogen , 
through three steps, to N0 3-N nitrogen. The steps are aminization, 
10 
ammonification, and nitrification. Although each of these steps in-
volves a different set of microorganisms, they are influenced by simi-
lar environmental factors. When mineralization of soil organic materials 
occurs, nitrogen becomes available for plant use (Salisbury and Ross, 
1969, p. 331). 
According to Tisdale and Nelson (1969, p. 137) aminization and 
ammonification are accompanied by numerous soil heterotrophs, while 
nitrification is accompanied by the nitrifiers which are obligate 
autotrophs. Broadbent (1966) subjected two soils to different tempera-
ture treatments to determine the effects of temperature on nitrogen 
mineralization. His experiments were conducted by subjecting the two 
soils to temperatures of 45°, 75°, 90°, and ll0°F. He then measured 
two dependent variables, the decrease in NH4-N from an applied ammonium 
sulfate fertilizer, and the increase in N0 3-N. At 45°F more nitrogen 
was immobilized than was mineralized. At 75°F, after 15 days, the rate 
of mineralization was greater than that of immobilization as evidenced 
by the increase in N03-N. At 90°F mineralization was even more rapid, 
but at ll0°F mineralization was inhibited. Tyler, Broadbent, and Hill 
(1959) comment that lmvering the temperature from 75° to 45°F materially 
decreased the rate of nitrification in the soils they studied although 
nitrification was still proceeding at a moderate rate at the lower 
temperatureo 
The rate-limiting step in the process of nitrogen mineralization 
is nitrification. The activities of the nitrifying organisms are 
greatly influenced by most changes in environmental conditions. Among 
the more prominent environmental influences on nitrification are 
temperature, concentration of NH4-N, soil moisture, and soil aeration 
(Alexander, 1967, pp. 253-256). 
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Research by Sabey , Frederick , and Bartholomew (1959) , on tempera-
ture effects on nitrification, f ound t hat nitrification rates are not 
linear with time but form a sigmoid curve. This curve predicts that 
after NH4-N has been added , there is a delay period in which the ra t e of 
nitrification is increasing with time. The delay period then en t e rs 
into the maximum rate period in which the rate of nitrificat ion is 
linear with time. \ihen the energy source of the microbial population 
begins to diminish , the nitrification rate drops off. The authors 
found that the nitrification curve was influenced by increasing the 
temperature from 0' t o 25'C. The delay period for nitrification was 
decreased and the maximum nitrificat ion rates inc reased with increased 
temperature. Justice and Smith (1962) f ound that at 2'C the on ly 
evidence of nitrification was the production of nitrite ni trogen (N02-N) 
which was not convert ed to N03-N dur ing the period of the experiment . 
At lO'C and 25'C nitrification proceeded , howeve r a t 35'C N0 2- N again 
accumulated. These data and the findings of Stojanovic and Alexa nder 
(1957) suggest that the Nitrobacter are more sensitive to adverse 
temperature conditions than Nitrosomonas. Research by Kai , Ahmad, and 
Harada (1969) confirmed the research by J ustice and Smi t h (1962 ) when 
they found that the amount and rate of re l ease of N0 3- N increased 
with increasing levels of temperature regardless of C: N ratios . 
Moisture relationships in soils also play an important role in 
nitrification rates. Soils studied by Sabey (1969) using mois ture 
tensions ranging from 0.1 bar to 15 bars demonstrated t hat maximum 
N03-N accumualtion occurred at 0.1 bar and then decreased with increas-
ing moisture tension to 15 bars. Justice and Smith (1962) found in 
their studies that 50 percent of the added NH4- N was nitrified i n 28 
12 
days at 15 bars tension and in 12 days at 1 bar tension. The above data 
suggest that nitrification is more inhibited at low moisture levels than 
at higher moisture levels. This can be an important factor in deep 
leaching losses of fall applied fertilizers in the spring. In the spring 
many soils are very wet and nitrification may be proceeding, depending 
on temperature, before the crop is ready to use the N0 3-N. 
Ano ther factor which influences nitrification rates in soils is 
the concentration of NH4-N. Broadbent, Tyler, and Hill (1957) found 
that where NH4-N concentrations were lm; and other conditions were 
conducive, nitrification occurred rapidly and completely. However, 
higher (above 300 ppm) NH4-N concentrations had an inhibiting effect on 
nitrification rate. Aleem and Alexander (1960) concluded that this 
inhibition of nitrification is because of the inhibition of Nitrobacter 
activity by suppressing the organisms oxygen uptake. 
Soil aeration also plays a significant role in nitrification rates. 
If a field, which has been fall fertilized, is cultivated in the spring 
the aeration of the soil can be greatly increased. Black (1957, p. 456) 
showed that increasing oxygen concentration in the soil increased nitri-
fication of the ammonium sulfate. 
Volatilization of ammonia 
Volatilization of ammonia takes place when NH4-N salts in an alkaline 
aqutous medium react to p·codliCE: rree amntordd whie:h t~1en escdpe.s tts a gas 
to the soil atmosphere. Several soil factors influence gaseous losses 
of ammonia to volatilization, One of the main soil conditions to have 
an effect is the acidity or alkalinity of a soil. Studies performed by 
Carter and Allison (1961) demonstrated that at high rates of ammonium 
sulfate application, between 4. 4 and 6. 2 percent of the total nitrogen 
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was lost from soils with a low calcium carbonate equivalent. Soils high 
in calcium produced losses from the high rates of ammonia application 
by volatilization ranging from 25.4 to 32 percent. Terman and Hunt (1964) 
also found severe losses of surface applied ammonium sulfate in naturally 
calcareous soils. Tisdale and Nelson (1969, p. 155) comment that losses 
of applied nitrogen through ammonia volatilization are especially aggra-
vated by high soil temperatures and rapid evaporation of soil water. 
Ammonia volat ilization is greatly reduced by mixing the fertilizer with 
the soil at the time of fertilizer application. 
Soil Nitrate-nitrogen 
Nitrate-nitrogen fertilizers 
N0 3-N is one of the most common forms of nitrogen fertilizer. When 
a N0 3-N fertilizer is applied to a soil , the N03-N may be: 1) immobilized 
by plants or microorganisms, 2) lost to deep leaching, 3) lost through 
denitrification, or 4) lost through surface runoff. The- primary concern 
is with those N0 3-N sinks that can be controlled or at least strongly 
influenced by soil management. These would be losses of N0 3-N to deep 
leaching, plant uptake, and losses to surface runoff. Quantification of 
these three fates of nitrogen and understanding of what factors influence 
them could be used to establish a nitrogen balance sheet which would be 
an aid in controlling losses of N03- N to the environment water systems. 
Deep leaching 
Deep leaching accounts for a very large part of N03- N losses from 
applied nitrogen fertilizers. There are several factors which influence 
the nitrogen lost to deep leaching. Among these are time of fertilizer 
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application, type of fertilizer carrier, method of irrigation, amount 
of natural precipitation, method of fertilizer application, type of 
soil, type of crop grown, and percent organic matter present. Studies 
by Johnston et al. (1965) in the San Joaquin Valley of California 
showed that the amount of N0 3-N found in tile drainage effluent was 
directly related to the amount of applied nitrogen fertilizers . A 
study performed by Stout and Burau (1966) involved soil sampling for 
nitrogen from deep soil depths to determine the relationship between 
fertilizer application and N03-N deep leaching patterns. They 
discovered regions of high N0 3-N concentrations at regular intervals 
in the soil profile which showed that the residual N03-N from applied 
fertilizers during previous years was moving down through the soil 
profile with moisture fronts at a rate of about 2 feet per year. The 
quantities of this residual N03-N were substantial. 
N03-N fertilizers may be applied at varying times throughout 
the growing season, and thus time of fertilizer application becomes 
a controlling factor in deep leaching losses of applied N03-N. Fall 
application of N0 3- N may be advantageous, if leaching is minimal, in 
that it allows application at a more convenient time to the farmer. 
A disadvantage of fall application of N0 3- N is that soluble salts of 
N0 3-N are immediately subject to leaching and are moved down through 
the soil profile by heavy precipitation or irrigation. Once leached 
deep into the soil the N0 3-N is not available for plant use. Studies 
have shown that yields from fall nitrogen application were camparable 
to or no different from spring applied nitrogen fertilizers if 
leaching did not occur. Olson (1963) found no significant differences 
in wheat yield between fall fertilized, spring fertilized or split fall-
spring fertilized crops. 
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Nitrogen may be applied to a soil using several different carriers, 
and these carriers will influence losses of N0 3-N to deep leaching. 
Nitrogen applied as NH4- N is not as subject to leaching as the N0 3-N 
as previously mentioned. However, once an NH4-N fertilizer is nitrified 
it is then subject to leaching. The degree of leaching of a nitrogen 
fertilizer from time of application until time of crop harvest is greatly 
affected by the type of fertilizer carrier. Nelson, Mortensen, and Early 
(1967) found the greatest movements of nitrate nitrogen in a soil profile 
carne from calcium nitrate, and the least movements from ammonium sulfate, 
and intermediate movement from ammonium nitrate. 
Irrigation waters move through a soil by essentially two processes, 
mass flow and capillary flow. Mass flow occurs when water moves through 
a saturated soil, and occurs through the medium to large soil pores. 
Estimates of the amount of water in these pores is about one-half the 
total amount of the water in the profile at field capacity. Thus , the 
water in the profile, depending on structure and texture, would be 
displaced approximately six inches per inch of excess water added. 
Many soluble materials will be picked up by the water and carried along 
with it through the profile during mass flow. The pattern of leaching 
of N0 3-N by mass flow is indicated in the studies performed by Stout 
and Burau (1966). After irrigation ceases, and the soil is drained, 
capillary flow occurs which also influences N0 3-N distribution in the 
profile. This capillary flow accounts for all of the N03-N accumulation 
in the soil surface in furrow irrigated fields (Nelson, Mortensen , 
and Early, 1967). Losses to deep leaching through mass and capillary 
water flow can be quite severe in some soils, and may result in a loss 
of more than half of the applied N03-N in some soils (Wagner, 1965 ; 
Stout and Burau, 1966). 
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Natural precipitation received between fertilizer application and 
crop planting may cause losses of N0 3-N to deep leaching. Precipitation 
has not been considered as important a factor in leaching losses of fall 
applied nitrogen in the arid west , as it is in the east and southeast, 
because of the relatively small amounts of precipitation usually received 
in arid western states (Nelson and Uhland, 1955). 
The method of application of a nitrogen fertilizer will also effect 
deep leaching of applied N0 3- N. Several methods are used to apply nitro-
gen, among which are broadcasting, sidebanding, anhyd r ous ammonia injected 
into the soil, aqua ammonia, or soluble nitrogen fertilizers dissolved 
in water and applied in the irrigation water. Fertilizer nitrogen leach-
ing depends on how the fertilizer is applied, and on the method and 
amount of irrigation (Tisdale and Nelson , 1969). 
The type of crop grown and the cropping pattern used will affect 
N0 3-N distribution in the soil profile. The crop exerts this influence 
in two ways: first, by the rooting pattern of the crop, and second, the 
nitrogen requirement of the crop . Work by Olsen et al. (1970) demon-
strated that significant amounts of N0 3-N were lost to deep leaching in 
continuous corn, or corn rotations. lVhen corn was rotated with oats or 
an alfalfa-bromegrass pasture, leaching losses of N03-N were greatly 
reduced. Patterns of N0 3-N concentrations in the soil profile under 
these different crops demonstrated the effect of root patterns on N03-N 
movements. 
Denitrification 
Denitrification in soils is the reduction of N03-N, through several 
steps, to molecular nitrogen (Mahendrappa and Smith , 1967; Tisdale and 
Nelson , 1969, p. 151). Denitrification is associated with anearobic 
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conditions and mic r oorganisms . Cooper and Smith (1963) repor t ed that 
under anaerobic conditions a t 30°C, 300 part s per million of N0 3- N were 
reduced to molecula r nitrogen in 28 to 96 hours. Depending on soil 
temperature , deni trification loss es from fall-applied nitrogen may be 
quite significant if the soil moisture was above field capacity for 
any length of time. 
Soil moist ure is a factor which has a great influence on denitri-
fication (Bremner and Shaw , 1958; Wijler , 1954) . McGarity (1961) 
observed this factor in his studies in soils with moisture contents 
ranging f rom 8.7 to 79 percent of saturation. He found that increased 
moisture percent had two effects: 1) it increased the rate of denit r i -
fication, and 2) the amount of time necessa r y to reach peak denitrifica-
tion rate was reduced. Mahendrappa and Smith (1967) fo und that at high 
moisture tension, 0.3 bar plus 30 percent, that denitrification rates 
were approximately the same in an open system as in a system made 
anaerobic with helium. Bremne r and Shaw (1958) concluded from their 
st udies that the main effect of high moisture levels is to restrict the 
oxygen supply to soil microorganisms thus creating anaerobic conditions . 
Meek, Grass, and Mackenzie (1969), and Meek et al. (1970) found i n thei r 
studies that as the N03- N in a soil solution approached the water table 
there was a significant reduction in N0 3- N concentration , which was 
not due to plant uptake. This they attributed to the anaerobic condi-
tions that existed near the water table. 
LossEs to surface runoff 
Losses of nitrogen to surface runoff may occur in two ways : 1) 
by surface soil erosion, and 2) movements of N03-N due to a difference 
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in concentration gradient between the soil solution and irrigation 
water. In areas where surface evaporation from the soil is high, there 
results a concentration of soluble salts on the surface of the soil 
(Nelson, Mo rtensen , and Early , 1967) . When this soil is irrigated , 
these soluble salts may be picked up by the irrigation stream , and 
carried off in the runoff waters. Bryant and Slater (1948) reported 
that small amounts of N0 3-N were lost in runoff waters in their experi-
ments on a loam and a silty loam soil. They found that these losses 
were aggravated by high evaporation rates , which increase capillar y 
water movements, and by flash runoff from high i rrigat ion rates. 
Nit r ate-ni trogen and the Environment 
An area of great concern today is the effect N03- N may be having 
on water quality. There is justification for this concern because of 
the potential health hazard of nitrate in dr inking water. Comly (1945) 
and Bailey (1965) reported that water from poorly constructed wells had 
been causing a widespread malady known as Cyanosis (Methemoglobinemia) 
in infants. This disorder r es ults when bacteria in the stomach reduce 
N03-N to N02-N which reduces hemoglobin to form methemoglobin. When 
this occurs the oxygen carrying capacity of the blood is reduced r esul t-
ing in asphyxiation . When the pH of the stomach changes to an acid 
condition the bacteria t hat reduce N03-N to N0 2-N can no longer survive, 
and Cyanosis is no longer a hazard. This disorder is not limited to 
humans, but also can occur in animals. Because of the problem associ-
ated with N0 3-N in water the government has established a maximum safe 
standard for N0 3- N concent r ation in drinking water (United States 
Department of the Interior , Federal Water Pollution Control Agency 
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Publication, 1969, pp . 112-113) . This standard has been set at 45 parts 
per million N0 3-N in drinking water. 
There are some areas in the United States where N03-N in concentra-
tions higher than 45 parts per million are entering water systems, and 
this N03-N is traceable to applied nitrogen fertilizers . Johnston et al . 
(1965) found N0 3-N concentrations in tile drainage effluent in the San 
Joaquin Valley of California which exceeded the government standards . 
Stout and Burau (1967) found high concentrations of N03- N in farm soils 
which were moving downward into the water table. 
Nitrogen Analyses 
There are several different methods in use today to determine the 
various forms of inorganic nitrogen in a soil. The method used in this 
study was the semi-micro kjeldahl technique outlined by Bremner and 
Keeney (1966). In this procedure the N03- N and NOz- N are reduced to 
NH4-N and determined as NH4-N. N0 3- N and N0 2-N may be determined 
together or separately in this procedure. NH4-N in a soil is determined 
independently of the N03- N and N0 2- N, and thus these three nitrogen 
species may be determined quantitatively in a soil extract . A partic-
ular advantage to the semi-micro kjeldahl technique is that separat e 
determinations of NH4-N , N03-N and NOz-N can all be performed on one 
soil extract in the same apparatus using a stepwise technique . 
There are problems associated with the soil N extraction 
procedures. Some extraction procedures lead to reactions that res ul t 
in an increase or decrease of the form of nitrogen to be measured 
(Bremner and Keeney, 1966). Bremner and Keeney also mention several 
defects in the methods most used for the determination of the inorganic 
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forms of nitrogen in soil extracts among which are: they are subject 
to interference by other soil constituents, lack sensitivity, cannot be 
used for turbid or colored extracts, or they are too tedius and time 
consuming. The extraction procedure developed by Bremner and Keeney 
(1966) and adapted to the semi-micro kjeldahl apparatus was shown to 
be specific, accurate, and involve only one soil extraction with 2 molar 
potassium chloride. Extracted samples were found to be quite stable, 
and if filtered these samples could be stored under refrigerated 
conditions for a month without appreciable changes in the extractant. 
The steam distillation procedure for inorganic forms of nitrogen 
using the semi-micro kjeldahl apparatus has several advantages 
(Bremner and Edwards, 1965; Bremner and Keeney, 1965). It is rapid, 
does not involve a complicated or tedious procedure, and the equip-
ment lends itself to rapid disassembly for cleaning. Bremner also 
mentions that a distinct advantage of this equipment is the back 
flushing characteristic of the apparatus. This allows the apparatus 
to be cleaned without disassembly after each determination . Bremner 
and Keeney (1965) found the analyses are accurate and reproducible, 
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PROCEDURES 
Field 
The experiment ••as performed on the Utah Agricultural Experiment 
Station farm at Farmington, Davis County, Utah (see Appendix A for soil 
characteristics). This study was initiated in the fall of 1970 when the 
nitrogen fertilizer was applied, and terminated in December 1971 when 
the soil analysis was completed. Residual nitrogen in the field was 
minimized by growing barley during the 1970 growing season. The barley 
crop was not fertilized, and was severely nitrogen deficient through-
out the season. Soil tests for P and K showed these elements were not 
limiting in the experimental plots. 
The field experiment was laid out using a random block design with 
three replications. The experimental plots measured 40 feet by 40 feet, 
and these plots were divided into subplots 10 feet by 40 feet. The 
replications were separated by lanes 3 feet wide, which were maintained 
free of vegetation. In the fall of 1970, calcium nitrate and ammonium 
sulfate were applied to the plots. Calcium nitrate was applied to two-
thirds of the fertilized plots at rates of 75, 150, 225, and 300 pounds 
of nitrogen per acre (lbs Ca(N03}z-N). Ammonium sulfate was applied 
to the remaining one-third of the fertilized plots at rates of 150 and 
300 pounds of nitrogen per acre (lbs (NH4) 2so4-N). Check plots of 
0 lbs N/acre were maintained in each replication. The two fertilizer 
materials were applied broadcast and plowed down the next day. In the 
spring of 1971 the field was disked and then planted to field corn 
(Zea mays i), King variety KT 626. During the growing season the corn 
was maintained weed free by hand hoeing. The field was irrigated as 
required using furrow irrigation. 
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The soil profile was sampled twice during the period of the experi-
ment. The first sampling was taken between 11 and 14 May before . 
planting and the second was between 24 and 27 September, after the crop 
had been harvested . The soil profile in the spring was sampled at ran-
dom to fi ve feet using a hydraulic soil sampler with a one-inch sampling 
tube. Soil at the 6-foot depth was obtained with a manual soil sampler 
driven i nto the same hole from which the 5-foot soil profile sample had 
been drawn. Each plot was sampled in two of the subplots by taking six 
soil cor es and then dividing these into 1-foot increments. Each of the 
s i x 1-foot increments was placed in a separate container, according to 
depth in the soil profile, and mixed. From this mixed soil a subsample 
was taken, placed in a plastic bag, and then this placed in a numbered 
paper bag. The soil samples were brought to the laboratory and placed 
on paper plates to dry in the drying room. The samples were dried to a 
moisture content under 2 percent, then crushed, milled, seived, and 
stored for analysis. The fall soil samples were obtained essentially 
the same way, except that each plot was sampled on the center of the row 
above the furrow, and in the center of the furrow (Figure 1). 
The corn was sampled twice during the growing season to measure 
percent nitrogen in the plants. The first sampling was taken on 
August 14, 1971. These samples were obtained by removing the leaf 
opposite the lowest ear of corn on 20 to 30 plants from each treatment 
plot . The second plant sampling was taken on September 17, 1971 at the 
time of harvest. The corn was harvested with a corn harvester, and 
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Figure 1 . Fall soil sampling scheme. 
samples of the chopped material from each plot were taken for total 
nitrogen analysis. 
An infiltration plot was constructed 30 feet away from the corn 
plots on July 6, 1971. This plot was used to determine the soil mois-
ture and drainage characteristics (see Appendix B). The plot consisted 
of a square basin 20 feet by 20 feet, constructed by mounding the soil 
around the plot to form a 9-inch dike. The soil inside the basin was 
leveled and the basin then filled with water to a depth of 6 inches. 
After the water had entered the soil, it was covered with a sheet of 
black plastic which was anchored in place. Soil samples were taken 
on the second, third, sixth, tenth, fourteenth, and twenty-eighth 
days after water application, placed in moisture determination cans, 
and percent moisture of each sample determined in the laboratory. 
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Laboratory 
The plant samples were placed in a forced air drier at 50 and 60°C 
as soon as they were brought back to the laboratory. After the samples 
had been dried , they were ground in a Willey Mill, mixed, subsampled and 
stored for analysis in air-tight bottles. The plant samples were ana-
lyzed for total nitrogen using the macro-kjeldahl technique outlined by 
Bremner (1965). 
The soils were analyzed for exchangeable NH4-N and for N0 3-N using 
the technique outlined by Bremner and Keeney (1965). The only modific-
tion to Bremner's technique was that determinations of both N0 3-N and 
NH4-N were made in separate apparatus using a two-step procedure. It 
was found that the Devardas alloy did not flush clean from the distil-
lation flask thus causing problems for NH4-N determinations. Therefore, 
two sets of semi-micro kjeldahl apparatus were used for each sample 
extracted, one for NH4-N and one for NH4-N plus N0 3-N. The soil 
extracts were collected in boric acid indicator solution, and titrated, 
after distillation, with 0.0056 normal sulfuric acid and the amount of 
N0 3-N and NH4-N calculated as micrograms per gram of soil . The appara-
tus described by Bremner and Keeney (1965) was modified to include an 
excess pressure release for the steam generator. This consisted of a 
manometer constructed of tygon tubing and a drying tube which were 
attached to the top of the steam generator. When this manometer was 
filled with water, sufficient pressure was maintained to operate the 
apparatus but excess steam was readily released. When an operation 
sequence had been established, it was found that approximately thirty 
soil samples could be analyzed per day. 
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RESULTS AND DISCUSSION 
Nitrogen Distribution in the Soil Profile 
Ammonium nitrogen 
In the spring of 1971, soil NH4-N was measured in both the calcium 
nitrate and ammonium sulfate plots. Average NH4-N distribution with 
soil profile depth in the calcium nitrate plots is presented in Table 1. 
Analysis of the data show no significant differences of NH4-N concentra-
tion with depth in any of the calcium nitrate plots . There also were no 
differences in NH4-N concentrations between calcium nitrate treatment 
rates or between treatment replications. 
Table 1. Average ppm nitrogen as Nll4 by soil profile depth from five 
rates of calcium nitrate application from spring soil samples 
Soil profile 
depth (feet) 
1 
2 
3 
4 
5 
6 
LSD 
4 . 57 
4.61 
3.39 
4.32 
5.23 
5.83 
4.26 
The distribution of NH4-N in the soil profile in the spring under 
the ammonium sulfate plots is shown in Figure 2. The concentrations 
of N114-N were found to differ significant ly with treatment , but not 
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with depth in the total soil profile (Table 2) . The data show that the 
NH4-N concentrations in the 6- foot profile under the check plots and 
under the 150 lbs (NH4) 2so4- N plots were the same. 
Figure 2. Mean NH -N concentration versus depth in the soil profile 
under s ·~ring sampled ammonium sulfate plots. 
The NH4-N concentrations in the 6-foot profile under the 300 lbs 
(NH4)2so4-N plots were measured at 48.3 ppm, over twice the concentra-
tion of the check and 150 lbs (NH4) 2so4-N plots . The data on NH4-N 
concentration in the high fertilizer rate indicated a high peak of 
NH4-N concentration at the 3 and 4-foot levels. The other rates of 
Table 2. Analysis of variance of spring soil samples for NH4-N 
concentration under ammonium sulfate plots 
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Source of variation Degrees of freedom Mean squares F test value 
Depth in soil profile 5 
Application rate 2 
Depth-rate interaction 10 
Error 36 
11.45 
115.88 
16 . 25 
16.58 
0.69 
6.99** 
0.98 
ammonium sulfate showed no such peak. A planned comparison analysis of 
variance (Table 3) (Snedecor and Cochran, 1967 , pp. 308-310; Sakal and 
Rohlf, 1969 , pp. 226-234) showed that the difference in the NH4-N concen-
trations at the 3 and 4-foot soil depths for t he 300 lbs (NH4) 2so4-N 
treatment rate were significant with depth when compared to the lesser 
rates of ammoni um sulfate. This concentration of NH4-N in the 3 and 4-
foot soil profile levels indicated that movement of NH4-N from the high 
rate of ammonium sulfate application was significant . 
Table 3. Planned comparisons analysis of variance for 3 and 4-foot soil 
profile depths for NH4- N concentration in ammonium sulfate plots 
Source of variation Degrees of freedom Mean squares F t est value 
300 lbs N/acre vs 0 and 
150 lbs N/acre (3') 1 165.6 9.98** 
300 lbs N/acre vs 0 and 
150 lbs N/acre (4 I) 1 171.7 10 .34** 
Error 36 16.6 
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Although NH4-N is not subject to leaching in many soils , some 
movement did take place in the soil in the experimental plots as shown 
in Figure 2. This movement was only noted in the highest rate of 
ammonium sulfate, and not in the lesser rates. An inhibiting effect 
of the high rate of application of ammonium sulfate on nitrification 
in the experimental plots is one explanation for the data. This 
inhibition was appar ently of a short duration as evidenced by the high 
amount of N03-N found in these same plots. However the inhibition was 
long enough to allow some displacement of exchangeable NH4-N do1<n 
through the soil profile between the time of fertilizer application and 
the time of the first soil profile sampling. 
Table 4 shows the average NH4-N distribution in the soil profile 
from the fall soil samples in both calcium nitrate and ammonium sulfate 
treatments. Analysis of the fall soil samples for NH4-N showed no 
differences in NH4- N concentration with depth, rate of application or 
with replication either in the calcium nitrate or the ammonium sulfate 
treatments. There was a reduction in NH4-N concentration in the soil 
prof i le between the spring and fall soil samplings, the NH4-N in the 
fall samples averaging one-third that found in the spring samples. 
The reduction of NH4-N concentration is most pronounced in the 300 lbs 
N/acre as (NH4) 2so4 treatments . (see Figure 3). The relatively high 
NH4-N concentrations, which appeared in the 3 and 4-foot levels in the 
spring samples , did not appear in the fall samples. 
Nit rate-nitrogen 
N0 3-N distributions in the soil profile, by rate of calcium nitrate 
application, from the spring soil samples are shown in Figure 4. The 
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Table 4. Average ppm nitrogen as NH4 by soil profile depth from the 
fall sampling of calcium nitrate and ammonium sulfate. 
Treatment Soil profile 
depth (feet) Calcium nitrate Ammonium sulfate 
l 
2 
3 
4 
5 
LSD 
(NH4) 2so4 
3no lbs/acre 
150 lbs/acre 
Ca(N0 3) 2 
3fln lbs I acre 
225 lbs/acre 
15() lbs/acre 
75 lbs/ acre 
check plot 
0 5 10 
1.18 
1.25 
1.42 
1.14 
l. 39 
l. 27 
15 
0 
• 
20 25 
1.24 
l. 39 
1.26 
1.07 
1.89 
0.86 
Spring samples 
Fall samples 
30 35 40 
Figure 3. Changes in total profile NH4-N concentrations between spring 
and fall soil samplings. 
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data obtained from the calcium nitrate plots showed significant differ-
ences in N0 3-N concentrations both with depth and with rate of applica-
tion at the one confidence percent level (see Table 5). As shown in 
Figure 4 , N0 3-N concentrations were highest in the 5-foot level indicating 
the movement of N0 3-N down into the soil profile. The uniformity of this 
front indicates that leaching over the winter was the main cause of the 
downward displacement of N0 3-N in the soil Because of the depth at which 
significant N0 3-N concentrations are fo und, there was little N0 3-N 
available for early spring crop growth. 
Table 5. Ana l ysis of variance of spring soil samples for N03-N concen-
tration under calcium nitrate plots. 
Source of variation Degrees of freedom 
Depth in soil profile 5 
Application rate 4 
Depth-rate in teraction 20 
Error 60 
Mean squares 
636.5 
297.6 
69.8 
20.7 
F test value 
30.63** 
14.32** 
3.37** 
The significant rate by depth i nteraction apparently was caused 
by the N0 3- N concentrations from the 300 lbs Ca(N03) 2-N treatment. The 
differences in N0 3-N concentration from all rates of calcium nitrate, 
in the first 2 feet of the soil profile, are not significant so the 
ir.tcr:~ctior. uao a re:sul~ :lf ~:o 3-~ ccncentratior.s a~ U,e d<>epe:r suil 
depths. In Figure 4 the relationship between N03-N concentrations for 
225 and 300 lbs Ca(N03) 2-N treatments in the upper four feet of the soil 
profile are not what might have been predicted. In general there was 
an additive effect on N03-N concentration at a given depth in the soil 
profile as the rate of application of calcium nitrate was increased up 
225 lbs N/acre . At the 300 lbs N/acre. At the 300 lbs N/acre rate, 
significantly less N0 3-N is found in the upper 4 feet of the soil 
profile. Figure 4 also shows that the total concentration of N0 3-N 
from calcium nitrate in the profile under the 225 lbs N/ac re rate 
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was greater than that in the 300 lbs N/acre rate. It is also evident 
that the higher concentrations of N03-N in the 300 lbs Ca(N0 3) 2-N 
plots begin deeper in the soil profile than they do in the 225 lbs 
Ca(N0 3) 2- N plots. This suggests an enhancing effect on movement of 
N03- N by high rates of calcium nitrate fertilizer. There were not 
enough different high rates of calcium nitrate treatments used in this 
st udy to determine the cause of the rate of application-movement 
effect, but the pattern was also borne out i n the results of the fall 
soil samples. 
Soil N03-N concentrations under the ammonium sulfate plots are 
pictured in Figure 5. As in the calcium nitrate plots, ammonium 
sulfate also produces a N03-N concentration peak in the soil profile. 
This concentration peak was not as deep in the profile in the ammonium 
sulfate plots as it was in the calcium nitrate plots. The N03-N 
concentration peak was located between the 4 and 5-foot soil profile 
levels, and did not peak as sharply as did the N03-N front i n the 
calcium nitrate plots. The N0 3-N from ammonium sulfate had leached 
out of the surface foot of the profile over the winter and early spring 
months. Concentrations of N03- N in the profile under ammonium sulfate 
differed significantly both with depth and with rate of fertilizer 
application (Table 6). The significant treatment-depth interaction 
indicated that rate of application of ammonium sulfate affected the 
N03- N concentrations with depth. In this case the high rate of 
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Table 6. Analysis of variance of spring soil samples for N0 3-N concen-
tration under ammonium sulfate plots 
Source of variation Degrees of freedom 
Depth in soil profile 5 
Application rate 2 
Depth-rate interaction 10 
Error 36 
Mean squares 
150.1 
250.4 
106.3 
9.3 
F test value 
16.21** 
27.14** 
11.48** 
application appears to delay downwa r d displacement of N03-N as depicted 
in Figure 4. As the graph indicates, the effect of doubling the rate of 
nitrogen application was not to double the N0 3-N concentration in the 3 
to 5-foot soil profile depth, but rather increased these N0 3-N concentra-
tions by more than 100 percent. Why the delay of N03- N movement was 
affected differently under the high rate of ammonium sulfate was not 
apparent in this study. Some researchers (Tyler , Broadbent, and Hill, 
1959) have pointed out an inhibiting effect on nitrification by high 
ammonium concentrations and this may have had some effect on this study. 
When the N03-N concentrations in the soil profile from the calcium 
nitrate and ammonium sulfate rates of 150 and 300 lbs N/acre are 
compared, some interesting observations are noted (Table 7). The concen-
trations of NOrN in the profile at both these rates , under each 
carrier was nearly identical, the main difference being the location 
0f the NOr" c0nc.entration :>eaks in the S<'i 1• ;>rofi1e. 
When N0 3-N movements under the two nitrogen carriers were compared, 
the greatest displacement of N03- N down through the soil profile occur r ed 
in the calcium nitrate treatments. By the time the soil profile was 
sampled in the spring, the bulk of the N0 3-N from the calcium nitrate had 
Table 7. Comparison of NO~-N soil profile totals under ammonium 
sulfate and calc1um nitrate treatments from the spring 
soil sampling 
Rate of application Concentration of N03-N (ppm) 
(lbs N/acre) (NH4)zS04 Ca(N03)2 
150 50.8 51.0 
300 78.5 79.2 
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been moved out of the upper two feet of the soil profile. This became 
very apparent as crop performance in the calcium nitrate plots was 
observed during the growing season. Displacement of N03-H from the 
nitrification of ammonium sulfate treatments over the winter and early 
spring months was not as great as observed in the calcium nitrate plots. 
Figure 4 shows that there was substantial N0 3-N in the rootzone in the 
ammonium sulfate plots. 
Determinations were made on the fall samples to find what effects 
on N0 3-N concentrations occurred from furrow irrigation, fertilizer 
application rate, and replication. Comparisons of the changes in N0 3-N 
concentrations between spring and fall soil sampling were made to 
determine how much movement had taken place and the effects on the crop 
on N0 3-N distribution in the profile. 
In the fall, soil cores were taken to a depth of 5 feet, separated 
into samples representing 1-foot layers , and these samples analyzed for 
NH4-N and N0 3-N. The concentration of N0 3-N, from calcium nitrate, in 
the profile from the fall soil samplings is shown in Figure 6. Statis-
tical analysis (Table 8) of the soil analyses data from these fall 
samples showed that N03-N concentration in the soil differed significantly 
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Table 8. Analysis of variance of fall soil samples for N0 3-N concen-
tration under calcium nitrate plots 
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Source of variation Degrees of freedom Mean squares F test value 
Depth in soil profile 4 
Application rate 2 
Depth-rate interaction 16 
Error 150 
229.3 
624.5 
64.8 
18.5 
12.40** 
33.78** 
3.50** 
both with fertilizer application rate and with depth in the soil pro-
file. The data also showed that there were no significant differences 
in N03-N concentrations in the first 3 feet of the soil profile regard-
less of application rate. This indicates that there was little residual 
N03- N left in the rootzone because most of it had been deep leached or 
lost from this section of the profile by the end of the season. Below 
the 3-foot soil depth, fall soil sampling showed the same pattern of 
N03-N from the 225 and 300 lbs N/acre as Ca(N03)2 as was observed in 
the spring samples . There was less N03- N in the profile under the 300 
lbs Ca(N03)2-N treatment than under the 225 lbs Ca(No 3)2- N (Figure 6). 
The patterns of N03-N concentration down through the soil profile, under 
the four rates of calcium nHrate are similar to the patterns from the 
spring samples thus confirming the findings from the spring soil samples. 
In order to determine the effects of furrow irrigation on N0 3-N 
ILlo-..rements h1 the soil , n,easurerr.er~t& 0f the c..:a1clum n::..trate u.nd atr...ncniur.l 
sulfate plots across the furrow and row were taken. The method of 
sampling is pictured in Figure 1. The average N0 3- N concentrations for 
the furrow, ridge of the row and center of the row are shown in Table 9. 
Measurements of soil N03-N from the calcium nitrate and ammonium sulfate 
38 
Table 9. N03-N concen tration in the 5- foot profile in fall soil 
samples from the fur row, ridge of the row and center of the 
row 
Rate of fertilizer application ppm N0 3- N (lbs N/acre) furrow ridge center 
Ca (N03)2 0 8 . 68 7.30 9.05 
75 9.30 10.38 11.12 
150 21.82 26.72 22 . 26 
225 43 .17 25.39 34 .60 
300 29 .05 32.58 21 .91 
(NH4 ) 2so4 150 13.32 17.46 28.20 300 31 . 36 29 .15 34.46 
plots indicated that there were no significant differences in N03- N 
concentration between the cen t er of the furrow , ridge of the row and 
center of the row either in the 5-foot profile or in the surface foot. 
This indicated very little lateral movement of N03- N i n the soil pro-
file as a result of furrow irr igation. Ap parently mu ch of the applied 
N0 3-N was leached out of the surface soil layers, and little lateral 
movement of N0 3- N in the s ur face took place. There also were no signif-
ican t changes in concentration of N0 3- N at the soil surface as ob served 
in some studies (Nelson, Mortensen and Early , 196 7) . 
As mentioned previously the experimental fie l d was irrigated from 
one head ditch. The replications in the field were laid with the first 
replication n~xt t~ th~ hPa~ ~itch, the seccnc <n thP Mi~dlP, and thP 
thi r d being furtherest from the ditch. A statistical analysis was per-
formed on the spring soil sampling data to see if replication loca t ion 
with respect to the head ditch had any effect on N0 3- N concentration in 
the soil profile. This was done to establish a baseline to study move-
ments of N03-N during the growing season. Ana l ysis of variance on the 
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spring soil samples showed that in the calcium nitrate plots there were 
no significant differences among profile N03-N concentrations in the 
first , second or third replications as was expected . N0 3-N concentra-
tions with depth in the fall sampled calcium nitrate plots by replica-
tion are shown in Figure 7. The fall samples showed a significant 
difference in N0 3- N concentrations (Table 10) because of replication 
effect. The concentration of N03- N indicated that less movement took 
place at the lower end of the field than did at the upper end , 
Table 10. Analysis of variance of fall soil samples for N0 3- N concen-
trations by plot location under calcium nitrate 
Source of variation Degrees of freedom 
Location from head ditch 
Rate-location interaction 
Error 
2 
8 
32 
Mean squares 
49 . 5 
35.0 
9.2 
F test value 
5.35** 
3.99** 
The changes in N03- N between the spring and fall samplings were 
quite marked as depicted in Figur e 8. The greates t changes i n N0 3- N 
occurred in the ammonium sulfate plots. N03-N concen t rations in t he 
fall sampled ammonium sulfate plots were reduced by about three- fifths 
of the spring N0 3- N concentrations, During the same period N0 3- N in 
the calcium nitrate plots was reduced by two-fifths . The changes in 
N03- N concen t r ations cannot be attributed to any one fac t or. However, 
deep leaching and uptake by the crop would account fo r mos t of t he N03- N 
concentrat ion change. 
The N03-N concentrations in the soil profile samples f r om the f al l 
sampled ammonium sulfate plots showed many of the same patterns t ha t 
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soil samplings 
occurred in the spring sampled plots (Figure 9). N0 3-N concentration 
was found to vary significantly with fertilizer application rate and 
with soi l profile depth but not with spacing on the row in the ammoni um 
sulfate plots (Table 11). The differences in N0 3-N concentrations in 
the upper 2 feet of the soil profile were not significant , indicating 
a uniform movement of N0 3-N out of this profile level . The data from 
the ammonium sulfate plots also showed that there was no effect, because 
of spacing across the row , on N03- N distributions in the profile either 
in the total profile depth or in the surface foot (see Tables 9 and 11). 
A determination was made on the data from ammonium sulfate plots 
to determine the effect on N0 3-N distribution in the soil profile from 
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Table 11. Analysis of variance of N0 3-N concentrations with spacing, 
rate, and depth under ammonium sulfate treatments 
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Source of variation Degrees of freedom Mean squares F test value 
Spacing 2 6.1 0.56 
Application rate 2 250.9 23.27** 
Depth in soil profile 4 165.4 15.27** 
Rate-depth interaction 8 48.1 4.45 
Error 90 10.8 
replication with respect to the head ditch (Figure 10). Analysis of 
these data showed that differences in N03-N concentration in the soil 
profile with respect to replication were significant. This suggests 
an irrigation effect as was noted in the calcium nitrate plots. The 
analysis of variance data appears in Table 12. 
Table 12. Analysis of variance of N0 3-N concentration with replication location in the field under ammonium sulfate treatments 
Source of variation Degrees of freedom 
Location in the field 
Location-rate interaction 
Location-depth interaction 
Error 
2 
4 
8 
16 
Mean squares 
49.1 
10.7 
15.3 
F test value 
18.33** 
4.01** 
5.70 
Comparison of the average N0 3-N concentrations under both the 
calcium nitrate and ammonium sulfate plots showed some interesting 
differences. The graph of these data is plotted in Figure 11. At the 
beginning of the growing season the average differences in N03-N 
concentrations in the soil profile were significant. The bulk of the 
nitrate, 80 percent, from the calcium nitrate plots was concentrated 
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in the 4 and 5-foot depths. Seventy percent of the N0 3-N in the ammonium 
sulfate plots was located in the 4 and 5-foot depths. 
At the end of the growing season, the N0 3-N concentrations from 
calcium nitrate and ammonium sulfate were nearly equal through the 
profile, except for the 5-foot level where a difference was noted. The 
ammonium sulfate treatment profile averages show significantly less 
N0 3-N at the 5-foot level than the calcium nitrate profile averages. 
This may indicate a better root penetration to the 5-foot depth by the 
corn in the ammonium sulfate plots resulting in a more effective 
removal of deep soil N0 3-N. This increased root activity would be 
stimulated by the higher concentrations of N03-N in the ammonium sulfate 
plots at the beginning of the growing season. The corn plants in the 
ammonium sulfate plots grew faster and matured earlier than the plants 
in the calcium nitrate plots indicating that the root penetration 
effect was significant . 
The fall sampling of the soil was taken after the crop had been 
removed. Thus, the N03-N left in the soil profile will remain as 
residual nitrogen. This residual N03-N was located deep in the soil 
profile, and undoubtedly will be moved deeper over the subsequent 
seasons. This residual N03-N, left after crop removal, accounts for 
about half of the N0 3-N present in the spring. This was a substantial 
loss of applied fertilizer nitrogen. 
Effects of Nitrogen Rate and Source on Corn 
Crop performance 
During the growing season all plants in the plots showed varying 
degrees of nitrogen deficiency. Towards the end of the growing season, 
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it was very difficult to tell by visual observation the high rate cal-
cium nitrate application plots from the check plots. All plants in the 
calcium nitrate and the 150 lbs (NH4) 2so4-N treatments were chlorotic 
with severe necrosis in the lower leaves of the plants. The ears of 
grain on these plants were small and immature at the time of harvest, 
and the ear set was quite low in the calcium nitrate plots. The plants 
in the 300 lbs (NH4)2S04-N plots did not show the degree of nitrogen 
deficiency that the plants in the 150 lbs (NH4)2S04-N and the calcium 
nitrate plots did. The plants were an average of 2 feet taller in the 
high rate of ammonium sulfate plots and had a much better ear set as 
well as larger sized ears. The nitrogen deficiency symptoms of the 
plants in the high rate of ammonium sulfate treatment appeared as a 
failure of the ear to fully mature. Yield data were not obtained on 
the crop because on the day of crop harvest heavy winds stripped much 
of the foliage from the crop making yield data quite meaningless. 
Tt•o plant tissue samples were taken from the corn plants during 
the growing season for nitrogen demonstrations. The first sample was 
a leaf sample, the second sample was material collected at harvest 
and represented the above ground portion of the plant. Correlation 
analysis was used to compare N03-N found in the profile with total 
nitrogen in the crop. 
Nitrv§ea in the leaf ~issue 
The relationship between N03-N found in the soil profile under 
the calcium nitrate plots and percent total nitrogen in the leaf sam-
ples is shown in Figure 12. The highest correlations between leaf 
and soil nitrogen were found when percent nitrogen in the leaf samples 
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Figure 12. Relationship between percent nitrogen in leaf samples and 
ppm N0 3-N summed through the profile in calcium nitrate plots. 
was correlated with N0 3-N in the 6-foot soil profile sampled in the 
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s;>rL1g nnd t!-1£. ~-foot sDil rrofi:!.e sa:nt=lQd .:_n the f3ll frorr. the c3lc!u.~ 
nitrate plots (Table 13). The high correlation coefficient for the fall 
sampled 4-foot profile-crop nitrogen comparison in the calcium nitrate 
plots indicates that the crop drew most of its nitrogen from this soil 
layer. The analysis of this soil layer showed it to be low in N03-N 
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Table 13. Correlation of N0 3-N in the total soil profile under calcium 
nitrate plots and percent nitrogen in leaf samples 
Sampling time and total depth 
Spring 6 feet 
Spring 4 feet 
Fall 5 feet 
Fall 4 fee t 
Correlation coefficient 
r = 0 . 94* 
r = 0 . 70 
r = 0 . 91* 
r = 0. 97** 
at all application r a t es of calcium nit r a t e , and t his wo uld acco unt for 
the uniform nitrogen deficiency i n a ll plants f rom t he s e pl o t s . 
The relationship between soil profile N03-N in t he ammoni um s ul-
fate plots is pictured in Figure 13. It would have been desirable to 
have more rates of ammonium sulfate although the rates used do show 
a good correlation with pe r cent nitrogen in the leaf samples , and 
N03-N in the soil profile . When the percen t nitrogen in the leaf tissue 
was compared with N03-N in the profile from the ammonium sulfate plots 
all correlation coefficients were significant (Table 14) . The highest 
correlation for the ammonium sulfate plots was ob t ained when s pring 
soil profile samples were correlated with percent nitrogen in leaf 
samples and the ammonium sulfate application rate is shown in Figure 
14. Here the graph shows a positive relationship between rates of fall 
applied fertilizer and percent nitrogen in the crop . The high correla-
tion between the fall soil sampling of the calcium nitrate plots and 
leaf percent nitrogen resulted from the high degree of leaching of 
N03-N over the winter months. These data indicate that the bulk of 
the available nitrogen was always out of the effective root zone of 
the corn, thus resulting in the severe nitrogen deficiency noted in 
50 
1. 75 
1.50 
'-' 
:> 
"' ... 
"" 
... 
.., 
1.25 
"' OJ 
..... 
" 
------- Spring 6 feet 
... 
0 
<.) - - ---Spring 4 feet 
" ·r< 
- - - Fall 5 feet 
z 1.00 ~Fall 4 feet 
0.75 
0 40 60 80 
Fi gure 13. Percent nitrogen in leaf tissue sample versus N0 3- N in t he 
total soil profile under ammonium sulfate plots. 
Table 14. Correlation coefficients for comparison of N0 3-N i n the 
soil profile under ammonium sulfate plots versus percent 
nitrogen in the leaf tissue samples 
Sampling time and depth Correlation coefficient 
Spri ng 6 feet r = 0 . 96** 
Spring 4 feet r = 0.95** 
Fall 5 feet r = 0,88** 
Fall 4 feet r = 0 . 83** 
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Figure 14. Relationship between fertilizer application rate and percent 
nitrogen in the corn leaf samples. 
the plants. Deep leaching of N0 3-N from the highest rate ammonium 
sulfate over the winter months was less severe, as shown by the spring 
soil sample data, thus more N03-N was available for crop growth during 
the growing season. 
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Nitrogen in whole plant tissue samples 
The relationship between the percent nitrogen in the whole plant 
tissue samples and soil profile N03-N under both fertilizers is shown 
in Table 15, When whole plant tissue samples were correlated with 
N0 3-N in the soil profile in the calcium nitrate plots, no significant 
correlation was found. The percent nitrogen in the crop samples was 
found to not vary more than 0.10 percent regardless of fertilizer 
treatments except for the check plots which were lower than the 
percent nitrogen in the 75 lbs N/acre as Ca(N03)2 plots by 0,26 percent. 
This would indicate a very poor relationship between applied calcium 
nitrate and total nitrogen from a whole plant tissue sample in this 
experiment. 
Table 15. Percent nitrogen in the whole plant tissue samples by rate 
of calcium nitrate and ammonium sulfate application 
Rate of nitrogen application Percent N in whole 
(lbs N/acre) plant tissue samples 
Ca(N0 3) 2 0 0.49 
75 0.75 
150 0.74 
225 0.82 
300 0.78 
(NH4) 2so4 150 0.76 
300 1.03 
When percent of nitrogen in whole plant tissue samples was compared 
with profile N03-N concentrations under ammonium sulfate plots, quite 
different results were obtained from those observed in the calcium 
nitrate plots (Table 16). The highest correlation was obtained when 
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Table 16. Correlation coefficients from total profile soil N0 3-N under 
ammonium sulfate plots and percent nitrogen in whole plant 
samples. 
Sampling time and depth 
Spring 6 feet 
Spring 4 feet 
Fall 5 feet 
Fall 4 feet 
Correlation coefficient 
r = 0.85 
r = 0.76 
r = 0.74 
r = n.67 
the spring soil profile N0 3- N was compared with percent nitrogen in 
the whole plant samples. All correlation coefficients obt ained were 
significant to the 1 percent level. These results corresponded favor-
ably with the correlation between leaf samples and soil profile N0 3-N 
concentrations. These data show that soil tests for N03- N can be 
correlated with crop uptake of nitrogen. 
Table 17. Correlation coefficients from the total profile soil N0 3-N 
under ammonium sulfate plots and percent nitrogen in whole 
plant samples. 
Sampling time and depth 
Spring 6 feet 
Spring 4 feet 
Fall 5 feet 
Fall 4 feet 
Correlation coefficient 
r = 0. 96** 
r = 0.93** 
r = 0.84** 
r = 0.82** 
54 
SUMMARY AND CONCLUSIONS 
In the fall of 1970 two nitrogen fertilizers , calcium nitrate 
and ammonium sulfate, were applied in a random block design to the 
field plots. The soil profile under the treatments was sampled twice, 
once in the spring before planting, and once in t he fall after crop 
harvest . The corn plants were also sampled twice during the growing 
season . The first sample was of leaf tissue, and the second sample 
was material representing the whole plant. The soil samples were 
analyzed for NH4-N and N03- N and the crop samples were analyzed for 
percent total nitrogen . 
The main objective of the study was to determine N0 3-N and NH4- N 
distribution in the soil as influenced by rate of application of 
fertilizer, type of fertilizer carrier, and nitrogen removed by the 
crop. The effect of rate of fertilizer application on N0 3-N distribu-
tion in the soil profile was essentially additive, that is, the more 
fertilizer applied the greater the N0 3- N concentrations in the profile. 
This was true of all rates of calcium nitrate except the 300 lbs N/acre 
rate which showed less N03- N in the profile than did the 225 lbs N/ a cre 
rate . This indicated an enhancing effect on N0 3-N movement by the high 
rate of calcium nitrate. The high rate of ammonium sulfate also had 
an effect on N03-N movement in the soil profile . Higher concentra tions 
of N0 3- N were found under the 300 lbs (NH4)2so4 rates than were expected . 
This indicated a delay of leaching by the high rate of ammonium sulfate 
possibly by an inhibitive nitrification. The fertilizer carrier had a 
considerable effect on deep leaching of N03- N. The spring soil samples 
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showed that most of the applied N03-N from calcium nitrate had leached 
out of the top 3 feet of the soil. Significant leaching of the N0 3-N 
from ammonium sulfate had also occurred, but to a lesser degree than 
calcium nitrate. Leaching of N03-N was also significant during the 
gr owing season due to the nature of the soil and irrigation. Nitrogen 
removed by the crop was greater in the highest rate of ammonium sulfate 
treatment than in the calcium nitrate plots. This was observed in the 
crop performance in that nitrogen deficiency was much more severe in 
the calcium nitrate and the 150 lbs (NH4)2S04 plots than in the ammonium 
sulfate plots. 
The second objective of the study was to estimate the N0 3-N lost 
to deep leaching. The data show that deep leaching of N0 3-N from 
calcium nitrate was quite severe. Approximately three-fifths of the 
N0 3-N present in the spring in the calcium nitrate plots was still 
present after crop harvest. The ammonium sulfate plots had two-fifths 
of the N03-N in the spring still present in the fall. The data indicate 
that fall application of both calcium nitrate and ammonium sulfate 
result in severe N0 3-N losses t o deep leaching. 
Areas which could be studied in more detail in future experiments 
are the enhancing effect of high rates of calcium nitrate and the 
delaying effect of high rates of ammonium sulfate on deep leaching. 
These effects were found to be significant in this study but the cause 
was not determined because of insufficient data. 
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Appendix A 
General Soil Characteristics 
The field research problem of this study was conducted at the Utah 
Agricultural Experiment Station at Farmington, Utah. The United States 
Soil Conservation Service has classified the soil at the experiment 
station as a Kidman series, fine sandy loam texture, 0 to 1 percent 
slope. This series of soils occurs over quite an extensive area along 
the northern Wasatch Mountain front and is well suited for many crops. 
Land leveling had been done in the experimental field about four 
years prior to this study. Since that time the field has been cropped 
mainly to small grains, alfalfa, or vegetables. The soil in the field 
is well drained, and has no water table. The surface foot of the soil 
is a dark-brown, fine sandy loam. The subsoil was also a fine sandy 
loam, but became progressively lighter in color with depth in the pro-
file. The Kidman fine sandy loam consists of 49 to 60 percent sand, 26 
to 39 percent silt, and 10 to 16 percent clay . The sand fraction con-
tains 36 to 45 percent very fine sand, 0.1 to 0.05 mm, and no coarse 
materials. The average bulk density of the soil was 1.43 grams per cc, 
and the average particle density 2.67 grams per cc. The percent organic 
carbon was 0.73 for the first foot and the soil profile and 0 . 40 for the 
second foot. The soil pH was 7.5 in saturated paste, and 8 . 3 in 1:5 
SClil sol•Jtion ratto. The cation exchange capacity was 11.4 Meq/100 
grams of soil in the surface foot and decreased to 6 . 3 Meq/100 grams 
of soil for the fourth foot in the profile. The moisture holding 
capacity of the soil averaged 1.8 inches of available water per foot 
of soil depth. The soil is moderately permeable and had a moderately 
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rapid intake rate. Soil measurements showed that 48 hours after irriga-
tion the soil contained 20 percent moisture at the surface and this 
decreased to 13 percent at 4 feet . 
During the summer months water was applied to the crop using a 
furrow irrigation system. The experimental field was irrigated from 
one head ditch using syphon tubes. The field was watered once a week 
until the latter part of the growing season when it was watered once 
every 10 to 14 days . Precipitation during the summer months is 
normally quite low, most of the water comes during the winter and 
spring months. The Farmington area receives on an average of 16 . 62 
inches of moisture during the period September to July. During the 
same period, when this study was performed, the precipitation was 
24 .59 inches or an excess of 8 inches above the average. This excess 
8 inches had a considerable effect on fertilizer nitrogen movements 
in the soil. If all 24.59 inches of this moisture had percolated 
through the soil it would be equivalent to three pore volumes of 
water. This would be more than sufficient to move the N0 3-N out of 
the 6-foot profile. Inasmuch as the nitrates were not all moved out 
of the profile, it is safe to conclude that a great deal of precipi-
tation was lost to evaporation from the soil surface. 
63 
Appendix B 
Soil infiltration and drainage 
characteristics 
The soil infiltration and drainage characteristics study was 
initiated to observe movements of water th r ough the soil profile un-
affected by surface evaporation. Soil moisture movements down through 
the soil profile were found to be quite rapid as was shown in the soil 
drainage experiment (Figure 15) . Ten days after the applicat ion of 6 
inches of water, the wettin g front had moved out of the 6 foo t profile, 
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Figure 15. Changes in soil moisture cont ent wi t h t i me at 4 depths i n 
the soil profile. 
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its rate of movement averaging 1 foot per day. Measurements 12 days 
after applica tion was made showed a drying out of the profile. Surface 
evaporation was prevented by the black plastic film which covered the 
plot, therefore, mositure movements were mainly attributable to mass 
and capillary flow. During the period of sampling, it was noted that 
the s urface of the soil, beneath the black plastic sheet, remained very 
wet. This was attributed to textural changes due to differences in 
organic matter content, and to some condensation of moisture on the 
black plastic sheet. 
VITA 
Douglas C Muir 
Candidate for the Degree of 
Master of Science 
Thesis: Nitrogen Movement Under Irrigated Corn as Influenced by 
Nitrogen Source and Rate 
Major Field: Soil Science 
Biographical Information: 
Personal Data: Born at Las Vegas, Nevada, May 8, 1942, son of 
George Chester and Norma Rasmussen Muir; married Lorraine 
Pugh September 16, 1964. 
Education: Attended elementary school in Orem, Utah; graduated 
from Orem High School in 1960; received the Bachelor of 
Science degree from Brigham Young University, with a major 
in Agronomy and a minor in Chemistry; complete requirements 
for the Master of Science degree, specializing in Soil 
Fertility, at Utah State University in 1972. 
Professional Experience: 1959 to 1972 member of Army Corps of 
Engineers, commissioned as an officer January 21, 1969; 
research trainee for the Environmental Protection Agency 
1970 to 1972. 
65 
